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(54) Transmitter power amplifier control 



(57) A circuit for controlling the gain of a power am- 
plifier for a transmitter. The circuit comprises means for 
monitoring the input to the power amplifier. Means also 
monitors the output of the power amplifier. There is also 
means for detecting and comparing the amplitude en- 



velopes of the two monitored signals to produce a signal 
without any envelope content. Further means varies the 
gain of the power amplifier dependent upon the output 
of the comparator and a low pass integrating filter. 
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Description 

[0001] This invention relates to the control of a power 
amplifier for use in mobile telecommunication systems 
such as mobile telephones. 5 
[0002] The need to control the power ampiiflers asso- 
ciated with the transmitting antennas in such systems is 
well known, and numerous different circuits for control- 
ling such power amplifiers have been proposed previ- 
ously. For example, numerous different types of control 
circuitry have been proposed for controlling power 
transmitter used in the GSM mobile telephony standard, 
and one such circuit is described below that has partic- 
ular benefits when employed in a GSM system for data 
in the GMSK format that is well known within that sys- 
tem. 

[0003] However, in recent times there has been a pro- 
posal to use a different format in the GSM system, that 
known as EDGE (enhanced data GSM environment). 
This format, which is described in the publications, 
GSM/EDGE: device characterisation for RF power am- 
plifier. Jean Christophe Nanan. Motorola Toulouse, Mi- 
crowave engineering Europe March 2000, Understand- 
ing Offset 8-PSK modulation for GSM EDGE. Ashkan 
Mashhour, Nokia Telecommations, Camberley, UK. Mi- 
crowave Journal. October 1999, and GSM 3GPP TS 
05.05 v 8.8.0 (2001-01), has certain advantages over 
the GMSK format in that it enables a higher data trans- 
mission rate and in that it makes more efficient use of 
the spectrum available tor GSM transmissions. Howev- 
er, signals produced in accordance with this format have 
a number of characteristics which differ from those pro- 
duced in accordance with the GMSK fonnat. One char- 
acteristic is that of variable amplitude envelope. GMSK 
signals have a constant amplitude envelope which re- 
sults in a straightfonward control concept when monitor- 
ing the output of a transmitter power amplifier for such 
signals, as is described beiow. However, EDGE signals 
have a variable envelope that makes such an approach 
to power amplifier control unacceptable and very likely 
to introduce large errors and discrepancies into the sig- 
nal that which will largely reduce transmission accuracy. 
[0004] Accordingly, the present invention seeks to 
provide control circuitry for use with a power amplifier 
for data signals with non-constant amplitude envelope 
that overcomes the problems associated with cun^ent 
known power amplifier circuitry. 

[0005] According to the present invention there is pro- 
vided a circuit for controlling the gain of a power amplifier 
for a transmitter, the circuit comprising: 

means for monitoring the input to the power ampli- 
fier; 

means for monitoring the output of the power am- 
plifier; 

means for detecting the amplitude envelope of the 
two monitored signals to produce envelope signals 
for each; 



a comparator for comparing the envelope signals; 
and 

means for varying the gain of the power amplifier 
dependent upon the output of the comparator. 

[0006] The circuit may further comprise the power 
amplifier and may also comprise an antenna. The circuit 
may further comprise a transmitter circuit for producing 
an input to the power amplifier in accordance with the 
EDGE fonnat. 

[0007] The means for detecting the envelope may 
comprise a diode. In this case, the means for monitoring 
the output of the power amplifier may comprise an at- 
tenuator and a variable gain amplifier, the variable gain 
amplifier having its gain controlled by the output of a 
ramp digital-to-analogue converter. In this case, the 
ramp digital-to-analogue converter may provide the ref- 
erence for power output level. 

[0008] Alternatively, the means for monitoring the in- 
put and output signals for the power amplifier may com- 
prise respective attenuators for each signal in combina- 
tion with respective log amplifiers. In this case the com- 
parison means comprises a first comparator for provid- 
ing a comparison between the output of the two log am- 
plifiers, followed by a second comparator which com- 
pares the output of the first comparator with the output 
from a ramp digital-to-analogue converter. So that this 
second comparator compares effectively two gains. The 
ramp digital-to-analogue converter provides the refer- 
ence gain and the first comparator provides the gain of 
the power amplifier. If there is a difference between the 
two gains, an error is generated, integrated and then ap- 
plied to the gain control input of the power amplifier 
[0009] With the present invention, signals coming 
from the output and input of the power amplifier will be 
detected by the log amplifiers and the first comparator 
will compute a voltage difference representing the dif- 
ference in dB between the two signal levels, so that this 
difference can be interpreted as the RF gain of the pow- 
er amplifier. When the EDGE data fonnat is used, the 
signals produced by the log amplifiers will vary in ampli- 
tude reflecting the non-constant envelope nature of the 
EDGE signals. However, as the first comparator com- 
putes the difference in dB between the signal levels, the 
non-constant envelope will be removed from the differ- 
ence computation. So, even signals with variable enve- 
lope, such as signals in accordance with the EDGE for- 
mat, can be monitored to provide variable gain control 
of the power amplifier. 

[0010] Examples of the present invention will now be 
described with reference to the accompanying draw- 
ings, in which: 

Figure 1 is a schematic circuit diagram of a prior art 
amplifier control circuit; 

Figure 2 is a schematic circuit diagram of a first ex- 
ample of the present invention; and 
Figure 3 is a schematic circuit diagram of a second 
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example of the present invention. 

[001 1 ] Referring to Figure 1 , a known automatic pow- 
er control (APC) circuit for a power amplifier 1 is shown. 
Also shown in Figure 1 is the associated circuitry for use 
with a power amplifier 1 in a mobile telecommunications 
device such as a mobile telephone. 
[0012] In this circuit a signal to be transmitted is gen- 
erated by a transmitter circuitry 2 from I and Q signals. 
The signal to be transmitted is then passed through a 
high frequency range cut-off band pass filter 3 to the 
power amplifier 1. The signal to be transmitted is then 
amplified by the power amplifier 1 and forwarded to an 
antenna 4 for transmission. In the prior art the output 
level of the power amplifier 1 is attenuated, detected and 
compared with the output of a fixed digital-to-analogue 
converter 5. The resulting error is used to adjust the de- 
sired transmission level in accordance with the refer- 
ence provided by the digital-to analog converter. Such 
an APC circuit controls the power ramping of the power 
amplifier and ensures that temperature and supply volt- 
age variations do not affect the output level of the power 
amplifier 1 during the active part of the burst signal. 
[0013] This arrangement works well for a signal with 
a constant envelope, such as a GMSK format signal, but 
for a signal in which the amplitude envelope varies (such 
as an EDGE signal) it tends to reduce the dynamic of 
the envelope, affecting the output signal. This is be- 
cause the control band-width must be designed for ram- 
ping of the power from the output of the ramp DAC 7. In 
practice this means that the output level needs to track 
the ramping shape over less than 20 ms, so the loop 
has a bandwidth of the order of 1 00 Khz. A control loop 
with this bandwidth will also provide, however, unde- 
sired compensation for amplitude envelope variations 
in an EDGE fomnat signal, cutting out certain frequency 
components therefrom and reducing the signal's dy- 
namic range. 

[0014] Figure 2 is a schematic circuit diagram of a first 
example of an APC circuit according to the present in- 
vention. Components that correspond to those in figure 
1 are numbered identically. In this circuit the Input to the 
power amplifier 1 is a signal accordance with the EDGE 
format. This input signal is monitored and fed through a 
first envelope detecting diode 8 so that it can be provid- 
ed to a comparator 9. The output of the power amplifier 
1 is also monitored, attenuated, and then fed through a 
variable gain amplifier 10, the output of the variable gain 
amplifier 10 is then fed through a second envelope-de- 
tecting diode 11 and fed to the second input of the com- 
parator 9. The gain of the variable gain amplifier 10 is 
controlled by the output of a ramp digital-to-analogue 
converter?. Therefore the ramping signal from the ramp 
DAC 7 fixes the output level of the power amplifier as 
the envelope-detected signals must always remain the 
same. The output of the comparator 9 is then fed 
through an integrator 12 and the output used to control 
the gain of the power amplifier 1 . 



[0015] In this circuit the effect of amplitude envelope 
variation in the EDGE format signals is removed from 
the control loop. The error signal computed by the com- 
parator will only reflect the gain variations due to supply 
5 voltage or temperature changes. This error signal is fil- 
tered by a low pass integrator 12 that fixes the control 
loop bandwidth to a an optimal value that guarantees 
stability over the required output power range, reduces 
the wideband noise level in the loop and follows the ram- 
10 ping signal with a reasonable accuracy. 

[0016] Figure 3 shows a further example of the 
present invention. This may be used in certain circum- 
stances because of limitations in the circuitry of figure 
2. For example, the circuitry of figure 2 may need in 
IS many circumstances additional gain compensation after 
the comparator in order to stabilise the loop bandwidth 
at the optimal value during power ramping. Also, in the 
circuit of figure 2 the feedback path must be very linear 
over the whole dynamic range of the signal that is input 
20 to the power amplifier 1 , and In the case of an edge for- 
mat signal this means from -1 3.4dBm to +32.4dBm. Also 
the amplitude detectors must be very linear over at least 
the EDGE dynamic range of 16.8 dB. Furthermore, in 
the circuit of figure 2 there is a need to control carefully 
25 any wide band noise generated in the feedback path. 
[0017] The alternative circuit of figure 3, in which com- 
ponents which correspond to those of the previous fig- 
ures are numbered identically, employs a comparison 
of signal power to overcome the limitations of the circuit 
30 of figure 2. In this case, the input and output signals from 
the power amplifier 1 are monitored and attenuated by 
attenuators 13. 14 before being fed to log amplifiers 15, 
16. The outputs of the log amplifiers 15,16 are then fed 
to comparison circuitry which comprises a first compa- 
35 rator 1 7, which provides an output signal which is indic- 
ative of the difference between the outputs of the log 
amplifiers 1 5,1 6. The comparator circuitry 1 7 then com- 
prises a further comparator 1 8 which compares the out- 
put of the first comparator 17 with that of a ramp DAC 
40 7. Again, the output of the comparator circuitry 17, 18 is 
fed through a low pass filter 1 2 before being used tocon- 
trol the gain of the power amplifier 1 . 
[0018] As already explained, by comparing the power 
of the input and output signals for the power amplifier 1 , 
45 the envelope of the input signal and the output signal 
are removed from the comparison . With this circuitry the 
feedback loop that. it provides is effectively providing a 
small-signal gain which varies as the derivative of a log- 
arithmic function, so that the loop has maximum gain at 
50 low power levels and minimum gain at high power lev- 
els. These small signal gain variations are compensated 
by the non-linear nature of the gain control characteris- 
tics of the power amplifier At low power, the power am- 
plifier has a small small-signal-gain and at high power 
55 level, the power amplifier has a high small-signal gain. 
So that, in the end, the feedback loop bandwidth re- 
mains constant and stable over the power ramping 
range. 
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Claims 

1 . A circuit for controlling the gain of a power amplifier 
for a transmitter, the circuit comprising: 

5 

means for monitoring the input to the power am- 
plifier; 

means for monitoring the output of the power 

amplifier; 

means for detecting the amplitude envelopes io 
of the two monitored signals to produce enve- 
lope detected signals for each; 
a comparator for comparing the envelopes of 

the signals; and 

means for varying the gain of the power ampli- *5 
tier with a special gain control input. 

2. A circuit according to claim 1 further comprising a 
power amplifier. 

20 

3. A circuit according to claim 1 or claim 2, further com- 
prising an antenna. 

4. A circuit according to any of claims 1 to 3 further 
comprising a transmitter circuit for producing an in- 25 
put to the power amplifier in accordance with the 
EDGE fonriat. 

5. A circuit according to any preceding claim, where 
the means for detecting the envelope comprises di- 30 
odes associated with the input and output signals 

of the power amplifier. 

6. A circuit according to claim 5, wherein the means 

for monitoring the output of the power amplifier 35 
comprises an attenuator and a variable gain ampli- 
fier, the variable gain amplifier having Its gain con- 
trolled by the output of a ramp digital-to- analogue 
converter. 

40 

7. A circuit according to claim 6, wherein the ramp dig- 
ital-to-analogue converter provides a reference to 
the comparator 

8. A circuit according to any of claims 1 to 4, wherein 45 
the means for monitoring the input and output sig- 
nals for the power amplifier comprises respective 
attenuators for each signal In combination with re- 
spective log amplifiers. 

50 

9. A circuit according to claim 8, wherein the compar- 
ison means comprises a first comparator for provid- 
ing a comparison between the output of the two log 
amplifiers, and a second comparator which com- 
pares the output of the first comparator with the out- 55 
put from a ramp digital-to-analogue converter. 
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